Abstract. This article reviews recent advances in the thermodynamics of fluid nonelectrolytes, pure and mixed. The focus is on high-precision experimental techniques and the following topics are included : vapor-liquid equilibrium studies on dilute solutions, calorimetric techniques f o r measuring heats of mixing and/or solution as well as heat capacities, densitometry at elevated temperatures and pressures, and speed of sound measurements. Some of the problems encountered in data reduction and data correlation will also be indicated.
INTRODUCTION
The assortment of modern intrumentation accessible t o today's experimentalists permits the systematic study of thermodynamic properties of fluids and phase equilibria with ever increasing precision and speed over wide temperature and pressure ranges . An exhaustive description of the present status of research in these areas within the constraints imposed by a conference presentation is clearly impossible, and we have limited our survey t o a few topics primarily reflecting our own research interests and limitations of expertise. This approach follows the pattern of our recent reviews (1-11). i.e. critical essays rather than exhaustive presentations of the current literature. To summarize, we will focus on dilute nonelectrolyte solutions (vapor-liquid equilibria, enthalpies of solution etc. ), excess enthalpies, excess heat capacities and excess volumes of binary liquid mixtures, and the determination of caloric and PVT properties of liquids, incorporating speed-of-sound measurements, over large temperature and pressure ranges. Aqueous solutions of gases and mixtures containing polar subtances are of particular interest. Only a few selected results will be presented and we apologize for the omission of many other equally active topics and important contributions.
DILUTE SOLUTIONS
Current interest in solution thermodynamics has been mainly stimulated by (a) advances in the theory of liquids in general, (b) advances in experimental techniques providing more accurate data in less time, and (c) the need f o r thermophysical property data and phase equilibrium data in the applied sciences, f o r instance the chemical and power industry, geology, the gas, oil and coal industry, This sequential approach is most frequently used at temperatures well below the critical temperature of the solvent T and at low t o moderate pressures. We note that from the general definition of the component fugacity coefficient, the limiting behavior of the Henry fugacity as T * T and
(the critical pressure of the solvent) is given by (1-3, 10).
2,1
where (pvm is the fugacity coefficient of the solute at infinite dilution in the vapor phase.
Provided that the solute is the more volatile component, Schotte (12) has shown that This behavior has been predicted by Wheeler (13) and Levelt Sengers et al. (14, 15) .
Both the temperature and pressure dependences of the quantities introduced above are readily calculated (1-3, 6, 7, 10) . For instance, with T = 1/T.
Here, AHm is the partial molar enthalpy change on solution, ACZ,2 is the partial molar heat capacity change on solution, and V Y is the partial molar volume of the dissolved gas at infinite dilution.
Equations (5) and (6) with an analogous expression f o r ACm (1-3, 6, 7, 10). The partial molar heat capacity at infinite dilution diverges, as expected, towards positive infinity (24, 25) when the critical point of the solvent is approached from T < Tc,l. When T is approached from higher temperatures, Cm tends towards negative infinity. 
THERMOPHYSICAL PROPERTIES OF LIQUIDS A T ELEVATED TEMPERATURES A N D / O R PRESSURES
The data needs of the applied sciences, in particular at elevated temperatures and pressures, have already been indicated. Quantities of interest are, f o r example, density p, heat capacity Cp and heat capacity Cv at constant volume, and various derived quantities, such as isothermal compressibility p and isobaric expansivity ap. For the measurement of Cp/V of liquids in the temperature range 273-373 K (P = O.lMPa), we currently use a programmable differential scanning calorimeter (Micro DSC, from Setaram) which is based on the Calvet principle. The sample size is about 1 cm3, the imprecision amounts t o about ? 0.01% (64).
Combining our results with data on density, expansivity and ultrasonic speed, both Cv and 6, P O where uo is the speed of ultrasound at low frequency (negligible dispersion) and p = l/(pu2) is the isentropic compressibility.
0
In the range 300-570 K and f o r pressures P 5 30 MPa we a r e using a modified C80 calorimeter from
Setaram. Here the cell volume is about 8 cm , the imprecision is about f 0.1%. First results on the heat capacity of concentrated salt solutions have already been reported in Refs. (66, 67 ).
An alternative t o the direct experimental route t o high-pressure volumetric data and C (T,P) is to measure uo as a function of P and T, and to combine these results with data on p and Cp at ordinary 3 P
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J.-P. E. GROLIER AND E. WILHELM pressure P = 0.1 MPa, i.e. one utilizes the integrated form of eq. (9) 1 p(T.P) = p(T,Pl) + [ uiz dP + TM ( a: Cp'dP, Fig. 4 (711, together with two directly determined isotherms at 300.6 K and 326.2 K, respectively (72). Note the shallow minimum at about 125 MPa, which agrees with the negative value of (aap/aT)p observed f o r toluene at pressure P t 65 MPa. (see eq. (11)).
Qualitatively similar pressure dependences of Cp a r e now known f o r several relatively simple liquids.
We conclude this review by presenting an automated pressure-controlled scanning calorimeter (11, (73) (74) (75) (76) (77) (78) (79) It is inverted on a special stand so that it can be moved up and down over the calorimeter cells by means of a counterweight.
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